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A version of some parts of this chapter has been previously published as Dotzauer, M. 
(2013). Researching safety issues with intersection assistance systems for older drivers. In 
Stevens, A., Krems, J., Brusque, C. (Eds.) Drivers adaptation to information and 
assistance systems. IET published book. ISBN: 978-1-84919-639-0; E-ISBN: 978-1-
84919-640-6. 




2.1 Road traffic safety 
Road traffic safety refers to methods and measures used to reduce the risk of road users 
being involved in a fatal crash or suffering from serious injuries as a result of a crash 
within the road traffic network (IRTAD, 2011). Road users include pedestrians, cyclists, 
motorist, and passengers of vehicles and public transport. Even though road traffic safety 
is concerned with all road users, in this chapter, the focus lies on vehicle-related and 
driver-related safety interventions.  
As Figure 2.1 shows the number of fatalities, crashes, and injuries in 28 European 
countries has decreased significantly over the past decade. On the right hand y-axis, the 
total number of accidents and the total number of injuries resulting from a crash are 
displayed (DaCoTA, 2012). According to the CARE glossary, an accident “occurs on a 
public road or on a private road to which the public has right of access […], involves at 
least one moving vehicle […], involves at least one injured or killed person” [Care 
Glossary, 2006, p.8]. The left hand y-axis shows the total number of fatalities resulting 
from crashes. The displayed decreasing trend is not only found in European countries, but 
also in the Asia-Pacific region and North America. Over the past decade, many countries 
have incorporated road safety strategies and policies that have shown fruitful effects. 
Many changes and improvements with regard to vehicle safety, road infrastructure, and 
vehicle technology have contributed to increased road traffic safety (IRTAD, 2011). 
Figure 2.1: Change in fatalities, accidents, and injuries in EU-27 from 
2002 to 2012 (Source: CARE; United Nations (statistics of road accidents; 
national reports). 




Changes and improvements are often based on thorough safety analyses. Two frameworks 
behind these are the Haddon matrix (Haddon, 1980) and the systems approach (Peden et 
al., 2004). The Haddon matrix, proposed in 1980, is a commonly used approach in the 
field of safety analysis (Haddon, 1980). It is a two dimensional model which applies basic 
principles of public health to motor vehicle-related injuries. The matrix identifies risks 
before the crash, during the crash, and after the crash in relation to the person, the vehicle, 
and the environment (Table 2.1). It serves as an analytical tool to help identifying all 
crash-related factors. After the identification of multiple factors, countermeasures can be 
developed and implemented. For the pre-crash phase, the goal is to implement 
countermeasures that prevent the occurrence of a crash. During the crash, preventing 
injuries and/or reducing the severity of injuries has highest priority. Post-crash 
countermeasures are implemented with the goal to reduce adverse outcomes. 
 
The systems approach builds upon the Haddon matrix. It has been realized that often a 
single factor causing a crash cannot be identified and that the interaction of different 
components must be taken into account. With the systems approach, major sources of 
errors or design weaknesses that contribute to crashes and their outcomes are identified 
and rectified. The approach also aims to mitigate the severity and consequences of 
injuries. The model represents the highly complex interplay of elements of the system 
(motor vehicle, roads, road users, and physical, social, and economic environment). 
Significantly, it is realized that humans are vulnerable and that humans make mistakes; 
therefore, a safe road traffic system is one that accommodates and compensates for human 
vulnerability and fallibility (Directive on Intelligent Transport Systems, 2010). For 
example, the Dutch policy “Sustainable Safety” and the Swedish policy “Vision Zero” 
Table 2.1: Overview of the Haddon matrix as applied to the road traffic system (Source: Haddon, 1980). 




take the system’s view acknowledging that humans make mistakes and that infrastructure 
should be designed to be forgiving (SUPREME, 2007). 
Overall, the aim of road traffic safety programs is to prevent crashes, prevent/reduce 
injuries, and save lives in the event of a crash. Initiatives have been taken and 
implemented throughout Europe, the Asia-Pacific region and North America (Bishop, 
2005, pp. 7-24). Implementations of countermeasures can be categorized according to the 
Haddon matrix. For example, because speed has been identified as a major contributing 
factor of crashes and a major cause of the severity of injuries of persons involved in a 
crash (Elvik et al., 2004), on an infrastructural level, low speed zones have been 
implemented aimed at preventing crashes and reducing injuries. On a vehicular level, 
systems such as Anti-lock Braking System (ABS) or Electronic Stability Program (ESP) 
are advanced technologies implemented to prevent crashes from occurring.  Also on a 
vehicular level, seatbelts and airbags are important passive safety devices helping to 
reduce injuries and their severity in the event of a crash.  After a crash, the goal is to 
reduce adverse outcomes. Immediately calling the emergency can save lives or mitigate 
disabilities in the event of a serious crash, but often valuable time goes by before a crash 
is reported. This can take extreme forms, for example, in September 2013, in Saxony 
(Germany), a fatal crash went by unnoticed for two days before a farmer found the dead 
body next to the car wreck behind bushes on the side of a motorway (Die Welt, 2013). A 
first responder might have saved the drivers’ life. Automatic emergency calling can act as 
the first responder, alarm authorities right after a crash, and bring help on the way as fast 
as possible. The importance of automatic emergency calling is underlined by the 
European Commission’s proposal submitted for legislating that mandates automated 
emergency calling in cars from 2015 (European Commission, 2013). 
Vehicle technology has improved steadily over the years. Technology that has been 
invented and refined is, among other things, aimed at avoiding collisions and/or 
minimizing impacts to the body in case of a collision. While in the past improvement of 
in-vehicle technology concerned mechanics, recently a shift towards road traffic 
informatics occurred. Those technologies are often part of intelligent transport systems 
(ITS). ITS may be defined as “systems in which information and communication 
technologies are applied in the field of road transport, including infrastructure, vehicles 
and users, and in traffic management and mobility management, as well as for interfaces 
with other modes of transport” (Directive on Intelligent Transport Systems, 2010, p.4). 




ITS covers a wide range of services, and advanced driver assistance systems (ADAS) are 
one of these. ADAS are systems that interact with the driver with the main purpose of 
supporting the driving task on a tactical and an operational level1 aiming to increase 
traffic safety (Östlund et al., 2005), but also to ensure mobility (Oxley & Whelan, 2008), 
to provide comfort, and to increase fuel efficiency (Bishop, 2005, pp. 25-38). 
In a broader sense, ADAS date back to 1929, when anti-lock braking systems (ABS) were 
already used in the field of aviation (Hoffmann, 2007). ABS is a safety system that 
prevents the wheels from locking when strong brake force is applied avoiding 
uncontrolled skidding (Van Zanten & Kost, 2012). In the 1960s, ABS was introduced into 
cars, but because of high costs and low reliability, it was taken off the market again. A 
decade later, ABS became popular (Hoffmann, 2007). Reliability of ABS was improved 
and at the same time, costs were lowered. In 2004, car manufacturers in Europe, USA, 
and Japan agreed on equipping all new vehicles with ABS (Auto, Motor und Sport, 2010). 
A related autonomous system that has been developed is electronic stability control 
(ESC). ESC stabilizes the vehicle in case of loss of traction. It counters over-steering and 
under-steering by systematically braking one or more of the wheels (Van Zanten & Kost, 
2012). In 1995, the first version of ESC was implemented by Mercedes and, in the 
following years, other major car manufacturers followed. The European Union as well as 
the United States passed a law, in Spring 2008, stating that all new vehicles sold from 
2012 need to be equipped with ESC (Choose ESC!, 2008). The importance of ESC to 
road traffic safety is underlined by previous research. ESC reduces the crash risk 
effectively. It has been found that single crash risk was reduced by 33-35% for cars and 
by 56-67% for sport utility vehicles (Ferguson, 2007).  
Besides ABS and ESC, over the past decade, several other ADAS have been introduced 
into the market, usually in the higher price range vehicles. Systems include adaptive 
cruise control (ACC), lane departure warning (LDW), lane keeping systems (LKS), night 
vision systems, parking assistants, and traffic sign recognition (TSR). Cars may be 
equipped with sensors and cameras that allow monitoring and controlling the distance to 
the vehicle in front (ACC), that warn drivers when they unintentionally leave their 
travelling lane (LDW), keep drivers within the traveling lane (LKS), enhance vision in the 
dark, either assist with parking or park the car parallel in a fully automated manner, and 
                                                            
1 Definitions and distinctions between the different levels of driving tasks are explained in 
detail in section 2.3 




read speed limit signs and convey the information to the driver. Research and 
development is now taking innovations an important step further including high-speed 
communication between vehicles (C2C) and between vehicles and the infrastructure 
(C2I).  First efforts have been made as early as in the 1980’s in the EU-project 
Prometheus. Among other things, technology was not advanced enough to enable the 
introduction into commercial vehicles at that time. Since then, technology has evolved 
making vehicle communication not only in theory possible. Over the last decade, several 
projects were administered investigating vehicle communications. As a result, the Car 2 
Car Communication Consortium (C2C-CC) was founded in Europe aiming at 
harmonizing results of the different EU- projects and formulating standards for C2C and 
C2I communication (Weiß, 2011). Nowadays, applications of vehicle communications are 
investigated, for example, in the simTD project testing intersection assistance, but also 
traffic sign recognition including reading variable message signs (VMS). Systems used 
also inform drivers about changes in speed limits or advise on speed. Online information 
aimed at traffic flow efficiency such as information about congestions, weather, and 
construction areas also found their application with this new type of communication 
(simTD, 2013).  
Up until now, the most common support given to drivers is ESC. Although this system 
helps every driver, young drivers might benefit more. When they are involved in severe 
crashes, single vehicle crashes on a rural road where they lose control of their vehicle 
(Wundersitz, 2007) are predominantly found. Older drivers, on the other hand, might not 
particularly benefit from ESC because high speeds and losing control of the vehicle are 
atypical characteristics of their overall crash profile. Older drivers might benefit more 
from assistance guiding them safely through intersections or systems providing advanced 
or amplified information about important traffic signs such as priority regulations or 
speed limits. Only very recently (limited) versions of traffic sign recognition have been 
implemented and C2C- and C2I- communication have been investigated including various 
types of intersection assistance (Weiß, 2013). The following sections will discuss why 
these technologies and the development might provide additional safety and comfort, 
especially for older drivers, and contribute to lower crash and fatality rates and increased 
mobility options. 
 




2.2 Demographic changes 
Even though the number of fatalities has decreased between 2001 and 2010, the decrease 
is smaller for older drivers than for middle-aged and younger drivers. Not only does the 
rate of road traffic fatalities per million population begin to rise at about the age of 65 (see 
Figure 2.3), the fatality rate of older drivers also increases (see Figures 2.2). In 2010, 
around 22% of all road traffic fatalities in Europe happened to persons of the age group 
65+ years. Older drivers accounted for one quarter of these, older car passengers for 
another 12% (Broughton et al., 2012).  
 
Crashes and fatalities of older drivers need special attention as the age structure of the 
population has already changed and will continue to change over the next few decades. In 
Europe, the population of persons aged 65 and older accounted for 17.4% of the total 
population in 2010. It is projected that the percentage of person 65+ years old will 
increase to about 30% by the year 2060. Among the old age group, the group of the 
oldest-old (80 years and older) will almost triple from 4.7% in 2010 up to 12.1% in 2060 
(Demography report, 2011). The change in age structure will affect all areas of society 
and requires changes in thinking and policies. The field of transport and mobility is 
affected as well. As the age structure changes, so does the number of persons holding a 
valid driver’s license, the number of persons operating a vehicle, the percentage of older 
drivers (65+ years) actively participating in driving, and the travel pattern of the older 
driver. The OECD (2001) has projected driver’s license possessions for the year 2030. In 
Europe, between 2001 and 2030, it is projected that the driver’s license possession of 
persons aged 65+ years will increase by approximately 60%. Therefore, the percentage of 
persons aged 65 and older owning a car is also expected to increase significantly over the 
Figure 2.2: Number and proportion of fatalities of older 
drivers in Europe, 2001- 2010 (Source: Broughton et al, 
2012). 
Figure 2.3: Number and proportion of fatalities by 
age group in Europe, 2010 (Source: Broughton et al., 
2012). 




next few decades. In today’s middle-aged age group, most persons hold a valid driver’s 
license, both males and females. In contrary, in today’s older generation the possession of 
driver’s licenses and cars is lower, especially in females. In a few decades, we will see a 
more equal distribution among older male and female drivers, which is another reason 
why the percentage of older drivers in the driving population will increase substantially 
over the next few decades (OECD, 2001). 
2.3 Age-related impairments, diseases/disorder, and driving 
performance 
Even in a healthy aging, age-related impairments that might affect safe driving can be 
observed. As persons become older, limitations in visual, cognitive, and motor functions 
are reported: three domains relevant for driving.  When trying to explain why older 
drivers might jeopardize road traffic safety, it becomes obvious that often a single cause 
cannot be identified. For example, considering older drivers’ difficulties joining and 
exiting traffic streams (Davidse, 2007; Horswill et al., 2008), it is more likely that an 
interaction of visual, cognitive, and motor impairments cause these problems. Moreover, 
no one ages the same: one person might experience a drastic decline in vision; whereas, 
another person struggles with memory impairment. Aging does not follow linearity and an 
easily predictable course. Everyone ages at a different speed: a little faster in one domain, 
a little slower in another. Older persons are a heterogeneous age group; nevertheless, it 
has been agreed that driving is a complex physical and cognitive task in a dynamic 
environment involving timely information perception and processing, decision-making, 
motor programming and execution as well as fulfilling concurrent tasks (Heikkilä et al., 
1998) that might need to be fulfilled as successfully anymore. 
Vision is thought to be the most critical sense with regard to driving. Although the 
reductions in static acuity, contrast sensitivity, and visual field size are usually limited, 
night-time vision, dynamic visual acuity and sensitivity to glare may be significantly 
impaired (Davidse, 2007). Larger changes occur in higher order visual functions when the 
information reaching the senses has to be distinguished, categorized, and attended to, for 
example, an increase of field dependence, a decrease in visual working memory capacity, 
and a loss of functional visual field have been reported (Ball et al., 1988; Ball & Owsley, 
1991). This area borders on the domain of attention and executive functions. The most 




distinguished general limitation of attention in old age is slowing of information 
processing (Salthouse, 1996). An important central executive limitation that increases 
with age is a decreased ability to divide and switch attention, making it more difficult to 
perform multiple tasks simultaneously or in rapid succession (Ponds et al., 1988; Brouwer 
& Ponds, 1994). These effects are much larger in new and complex situations than in 
complex situations which have become routine (Lowe & Rabbit, 1997; Hakamiis-
Blomqvist et al., 1999). Processing speed and divided attention are important in the 
constantly changing traffic environment.  However, the structure of the driving task often 
allows compensating to a certain degree and the routine provided by driving experience is 
also thought to help by reducing the effects of central executive limitations (Hakamiis-
Blomqvist et al., 1999).  
Other relevant bodily changes concern motor functions, proprioception, and balance 
(Dietz, 2002; Ghez et al., 1995). Besides the fact that getting in and out of the car can 
become more difficult, more relevant for safety may be restrictions in head and body 
rotation (Kuhlman, 1993), which make it more difficult to check for other road users in 
the blind spot. Proprioceptive limitations in legs and feet can make it more challenging to 
locate the pedals and make precise and smooth speed adjustments (Sivak et al., 1995). 
Impaired physical functions, in general, also have an effect on the severity of injuries in 
the event of a crash, adding to the general finding that older persons are physically more 
vulnerable (Evans, 2004); a leading cause of severe injuries and fatalities when involved 
in a crash (Davidse, 2007).  
In general, older persons have been observed judging distance and speed of other vehicles 
inaccurately (Caird et al., 2008), which explains their difficulties in joining and exiting 
traffic streams (Davidse, 2007; Horswill et al., 2008). The underlying causes for the 
inaccurate judgment of speed and distance might be explained through older persons’ 
limitations of dynamic visual acuity and movement detection (Wist et al., 2000; Wood, 
2002). Limitations of head and neck rotation (Kuhlman, 1993) could also add to the 
explanation for difficulties with joining and exiting traffic streams. Older drivers also tend 
to react late to traffic conflicts (Charlton et al., 2005; Caird et al., 2008; Horswill et al., 
2008). This might be due to their difficulties in decision making under time pressure. 
They also experience difficulties with divided attention, which makes it more problematic 
for them to see, identify, and seek out relevant traffic signs (Musselwhite & Haddad, 
2010). Consequently, older drivers often fail to yield to the right-of-way (Aizenberg & 




McKenzie, 1997; McGwin & Brown, 1999) and misjudge safe crossing gaps (Oxley et al., 
2006), which results in an over-representation of older drivers in crashes when turning left 
(Griffin, 2004; Mayhew et al., 2006). Passing straight through an intersection is also a 
problematic undertaking due to inaccurately estimating the distance to other cars 
(Preusser et al., 1998). Overall, more crashes occur at stop sign-controlled intersections 
compared to signal-controlled intersections (Preusser et al., 1998; Oxley et al., 2006).  
In addition to age-related impairments and reductions often associated with 
normal/healthy aging, diseases become more prominent in older persons. For example, 
chances of being affected by neurodegenerative diseases such as Alzheimer’s disease 
(AD) and Parkinson’s disease (PD) increase. These are the most common 
neurodegenerative diseases seen in the population aged 65 and above (Alves et al., 2008; 
Bondi et al., 2009).  Symptoms of AD cover a wide range, but most prominent, in the 
context of driving, are loss of procedural memory, Apraxia, Aphasia, and Agnosia leading 
to comprehension problems (Kaszniak, 1986; Bondi et al., 2009), such as not being able 
to interpret traffic signs anymore, not knowing how to change gears, or confusing the 
deceleration and acceleration pedal. PD typically affects motor functions causing tremor, 
rigidity, postural abnormalities, and slow movements. Cognition might also be affected 
leading to impairments of attention, memory, information processing, and executive 
functioning (Dubois & Pillon, 1996). Because driving is a complex visual-motor task in a 
dynamic environment with strong cognitive components such as information perception 
and processing, decision making, and fulfilling concurrent tasks (Heikkilä et al., 1998), 
AD and PD might affect driving safety (Friedland et al., 1988; Hunt et al., 1997; Heikkilä 
et al., 1998; Wood et al., 2005; Cordell et al., 2008; Uc et al., 2009) and restrict mobility 
(Singh et al., 2007; Brouwer, 2010). 
With regard to PD and driving, past research showed (Heikkilä et al., 1998; Wood et al., 
2005; Cordell et al., 2008; Uc et al., 2009) that drivers diagnosed with PD experience 
more difficulties driving on the tactical and operational level of the driving task (i.e. 
maintaining lane position, controlling speed and time headway) than healthy drivers of the 
same age group. They also experience difficulties with information processing in complex 
situations (e.g. addressing two driving tasks simultaneously) leading to delayed judgments 
and decisions (Cordell et al., 2008). Difficulties on the tactical and operational level of the 
driving task have also been identified for drivers diagnosed with AD. Compared to 
controls, they encounter difficulties with lateral and longitudinal control of the vehicle 




(Man-Son-Hing et al., 2007). Nonetheless, persons diagnosed with AD and PD are often 
still active drivers (Foley et al., 2000; Adler & Kuskowski, 2003; Meindorfner et al., 
2005; Herrmann et al., 2006).  
The importance of driving and mobility is well-understood and concerns not only persons 
with neurodegenerative diseases, but also persons who age at a normal/healthy rate. 
Driving is important for a sense of independence; and therefore, contributes to quality of 
life (Carp, 1988; Kaplan, 1995), counters isolation and depression, and promotes 
subjective well-being and independence (Marottoli et al., 2000; Fonda et al., 2001). Often, 
however, older persons with and without impairments manage by restricting the situations 
in which they drive; for example, under good weather conditions and avoiding complex 
road and traffic situations (McGwin & Brown, 1999). Moreover, if drivers’ licenses are 
revoked, they may decide to cycle or walk, which, in many ways, might be more 
dangerous for themselves (Siren & Meng, 2012). Recent statistics underline the risk of 
non-motorist aged 65 years and above. Older persons, in the EU, account for 54% of all 
pedestrian fatalities and 50% of all bicyclist fatalities. Also within the age group, fatalities 
of pedestrians and bicyclist make up half of all the fatalities within the road traffic 
network (Broughton et al., 2012).   
To better understand how age affects driving performance, we look at Michon’s 
hierarchical task analysis of driving (Michon, 1985) as applied to the domain of driver 
impairments by Brouwer and colleagues (Van Zomeren et al. 1984; Brouwer & Ponds, 
1994; Brouwer, 2002). In this analysis, three task levels are distinguished: the strategic 
level, the tactical level, and the operational level. The strategic level (navigation) is the 
highest level. On this level, decisions with regard to route, navigation, and time of driving 
are made. Decisions are usually made before the trip has begun, but also, occasionally, 
during the trip; for example, when deciding to choose an alternative route because of an 
expected traffic jam.  On the tactical level, which takes place while driving, safety 
margins are set and adjusted for the trip. This includes choosing cruising speed, time-
headway and lane position, but also involves considering various maneuvers such as 
overtaking and passing. On the operational level (control), drivers perform second to 
second lateral and longitudinal control tasks to avoid acute danger and to stay within the 
margins set on the tactical level.  The key difference between tactical and operational 
level decisions and actions is that the latter are reactive and the former are proactive 




(anticipatory), not a reaction to immediate danger but a setting of safety margins in the 
case that actual danger (e.g. vehicle on collision course) manifests itself in the near future. 
On the strategic and tactical level, drivers can make adjustments and compensate for their 
challenges on the operational level. On the strategic level, this might include not driving 
during rush hours or avoiding highly complex intersections. On the tactical level, drivers 
can choose lower traveling speeds or decide on accepting greater gaps. Both strategies 
enable drivers to gain more time to seek necessary information and to make decisions. 
These compensations for challenges are not infinite. When the driving task becomes too 
complex and/or impairments are too severe, limitations of attentional capacity cannot be 
compensated for and other means (e.g. Advanced Driver Assistance Systems (ADAS) 
may offer support for older drivers. However, currently available ADAS are not 
necessarily designed to fit the needs of older drivers. This is where a more tailored 
support system comes into play.  
Primarily, marketed ADAS provide support on the tactical and operational level, which is 
generally characterized by actively supporting the primary driving task (i.e. maintaining 
speed and keeping a safe distance from the car in front (ACC), and keeping one within the 
traveling lane (LKS)). As older drivers have a great amount of driving experience, 
observed difficulties on the tactical and operational level of the driving task might be the 
result of their deficits in selective/divided attention and decision making under time 
pressure (Brouwer & Ponds, 1994; De Waard et al., 2009, Musselwhite & Haddad, 2010). 
Therefore, difficulties with speed control, lane position, steering, and turning might not be 
the source of the problem but rather quantifiable outcomes of the above mentioned 
deficits. Instead of supporting the primary driving task, the goal should be to free enough 
resources so that drivers are able again to focus more on the primary driving task instead 
of the secondary driving task (i.e. seeking out relevant information about the traffic 
situation).  
Freeing resources might be accomplished by presenting relevant traffic information to the 
driver in advance. In theory, presenting relevant traffic information (e.g. traffic and speed 
limit signs, information about speeding, advice on safe gap sizes to crossing traffic), 
should free up resources that might be used to for the primary driving task. Consequently 
problems with selective/divided attention and decision making under time pressure should 
be countered making earlier mentioned compensatory strategies futile. Drivers would not 




need to create more time to seek out traffic signs or accept gaps as this relevant 
information is presented to them in advance as this information is already presented to 
them. Retrieval of relevant information is realizable by means of C2C- and C2I- 
communication, as these technologies are already under investigation (simTD, 2013). 
Presentation of the information can be accomplished by projecting the information in 
form of transparent icons onto the road in front of the driver. This technology is known as 
head-up display (HUD) and already widely used in the field of aviation.  
 
